In this study, we studied some integral characterizations of general helices according to quaternionic frame in 4-dimensional Euclidean space 4 E . Furthermore, we obtain some necessary and sufficient conditions for a space curve to be a general helix according to quaternionic frame.
Introduction
Hamilton first defined the quaternions in 1843 which are actually multi-dimensional complex numbers and imaginary part of a quaternion is an imaginary vector based on three imaginary orthogonal axes.
In differential geometry, some curves are special which satisfy some relationships between their curvatures and torsions and have an important role. One of these curves is general helix which is defined by the property that the tangent of the curve makes a constant angle with a fixed straight line called the axis of the general helix. Furthermore, recently new special curves have been defined and studied by Izumiya and Takeuchi. They have defined slant helix which is a special curve whose principal normal vector makes a constant angle with a fixed direction [9] . Kula and et al. studied some characterizations of slant helices in the Euclidean 3-space [5] . After that, Önder and et al. have regarded the notion of slant helix in 4 E and defined these new curves as 2 B -slant helix [8] . Mağden studied on the curves of constant slope in Euclidean-4 space
Baharathi and Nagaraj defined the quaternionic curves in 3 E and 4 E and studied the differential geometry of space curves and introduced Frenet frames and formulae by using quaternions [4] . Following, quaternionic inclined curves have been defined and studied by Karadağ and Sivridağ [7] . Quaternionic rectifying curves have been studied by Güngör and Tosun [6] . Gök and et al. have considered the definition given by Önder and et al. for spatial quaternionic curves and have defined quaternionic 2 B -slant helix.
They have given new characterizations for these curves in 4 E [3] . In this study, we define quaternionic general helices and obtain some necessary and sufficient conditions for a space curve to be a general helix according to quaternionic frame in the Euclidean space 4 E .
Preliminaries
In [4] , a more complete elementary treatment of quaternions and quaternionic curves can be found respectively.
A real quaternion q is defined by 1 
where ( ) ijk is an even permutation of (123) in the Euclidean space. The algebra of the quaternions is denoted by Q and its natural basis is given by { } 1 2 3 4 , , , e e e e . We can express a real quaternion in (1) by the form 
Using these basic products we can write the symmetric real-valued, non-degenerate, bilinear form as follows:
which is called the quaternion inner product [7] . The norm of q is 2  2  2  2  2  1  2  3  4 ( , ) q ha a a a = = × = × = + + + . 
where 
The General Helices According to Quaternionic Frame in
is satisfied.
Proof. If α be a quaternionic general helix with which ( , ) cos
h T U θ = , then differentiating this equation and using the Frenet formulas we get 1 ( , ) 0 h N U = . U is therefore in the subspace 2 3 T N N − − and we can written in the form (12) gives
and this equation yields 
where A and B are constants. With the aid of (13) and (15) 
From this equations it follows that the constants A and B are
Characterizations of general helices
Conversely, for a regüler quaternionic curve this condition is satisfied we can always find a constant vector U , which makes a constant angel with the tangents of the quaternionic curve. Consider the vector defined by
This vector is constant. Indeed the differentiation of U , by taking account of the differentiation of (16), gives that 0 U ′ = , this means thatU is constant vector. The curve is also a quaternionic general helix.
Theorem 3.2. A quaternionic curve
, in the space 4 
E , is a quaternionic general helix iff the function
is a quaternionic helix from Teorem 3.1 we write
and hence
If we have
In addition, from (18) it can be written
With the aid of (20) and (21) we have
Conversely, let ( ) ( )
If we define U vector by 2 3 ( ) cos , If we differentiate equations (27) with respect to s and take account of (26), (20) and
